Objectives. We assessed whether extra-immunization can serve as a clinical indicator for fragmentation of care.
The American Academy of Pediatrics defines the medical home as one that provides care to infants, children, and adolescents that is accessible, continuous, comprehensive, family-centered, coordinated, compassionate, and culturally effective. Explicitly noted in the American Academy of Pediatrics-defined services that a medical home should provide are continuity and needed immunizations. 1, 2 However, fragmentation of care can result in the failure to deliver care and overutilization of resources. 3, 4 The medical home with continuity of care is associated with the delivery of needed care, including immunizations. [4] [5] [6] [7] [8] Medical homes offer up a solution to that fragmentation. [8] [9] [10] As compared with other avenues of care, medical homes are equipped to achieve complete and timely immunization. 5, 8, 11 Early work in the development of regional immunization registries indicated that approximately 5% of children have received at least one unnecessary immunization by 2 years of age. 12 This finding has been termed "extra-immunization" [13] [14] [15] [16] or "overvaccination." 17 While the use of some combination vaccines can result in acceptable extra-immunization, missing information regarding previous vaccine status can lead to additional extra-immunization as a result of appropriate efforts of medical providers to assure the child's up-to-date immunization status. Extra-immunization may better reflect medical care fragmentation than underimmunization. The latter can also reflect parental choice and lack of access to medical care in addition to fragmentation of medical care. Thus, extra-immunization may serve as a clinical indicator 18 and may, along with other clinical indicators, serve a purpose in testing claims that for a given population of patients, they are truly residing in medical homes and, for a given medical home, it is truly eliminating fragmentation of care. Using validated data collected over five years, we sought to determine if fragmentation of care was inversely associated with extra-immunization.
METHODS
We analyzed the public-use files of the National Immunization Survey (NIS) from 1999 to 2003. Problems with duplicate entries and unclear reporting rules with combination vaccines were addressed beginning with the 1999 NIS dataset. 16 The National Center for Immunization and Respiratory Diseases of the Centers for Disease Control and Prevention sponsors these surveys, and the National Center for Health Statistics conducts them. The methods of these annual surveys have been published elsewhere. 19 In brief, these are validated, stratified, random-digit-dialed telephone surveys of households with children 19-35 months of age. Information is collected through computerassisted telephone interview techniques. Immunization information is collected directly from the identified immunization providers for the surveyed children. Adjustments to design variables are made by the Centers for Disease Control and Prevention for biases resulting from nonresponse and non-telephone households. The 1999-2003 surveys included 111,730 children, representing a cohort of 5,756,583 children (the average population of children 19-35 months of age during the five-year period in the U.S.).
Our main outcome variable was extra-immunization defined as present or absent. We used the providerbased record data available from NIS to assess the frequency of extra-immunization. We defined extraimmunization to allow the largest number of vaccines and based our definition on each year's published immunization schedule, including the minimum interval schedule between doses for each vaccine (i.e., the "catch-up schedule"). [20] [21] [22] [23] [24] We defined extraimmunization with diphtheria and tetanus toxoids and pertussis vaccine, whole or acellular (DTxP) and Haemophilus influenzae type b vaccine as 4 doses each. Doses counted as DTxP included diphtheria and tetanus toxoids, diphtheria-tetanus-acellular pertussis (DTaP), and diphtheria-tetanus-pertussis (DTP). We defined extra-immunization with polio vaccine as 3 doses of either inactivated polio vaccine (IPV) or oral polio vaccine in any combination. We defined extra- We defined extra-immunization with a measlescontaining vaccine as 2 doses occurring on or after 12 months of age (discounting any dose before 12 months of age, the catch-up schedule and ACIP measlesmumps-rubella vaccine recommendation allows two doses separated by 28 days occurring after 12 months of age). 25 We defined extra-immunization with varicella zoster vaccine as 1 dose. Other than the initial doses of Hep B and measles-containing vaccines, as explained previously, we did not test for initial dose or minimum interval violations. Because of the large amount of extra-immunization specific to polio vaccine that may have resulted for reasons peculiar to the polio vaccine and concurrent changes in recommendations for that Public Health Reports / 2011 Supplement 2 / Volume 126 vaccine during the period examined, we constructed another outcome variable that did not include polio vaccine extra-immunization.
Medical home served as the main exposure variable. As a proxy for medical home, we used the NIS-collected number and type of immunization providers. Immunization provider is not necessarily an individual clinician but, rather, one reporter of immunizations (e.g., an office or clinic). The NIS classified immunization providers by both number and facility type. We constructed a composite variable to capture both multiple providers and multiple facility types (e.g., public, private, hospital, military, mixed, other, unknown, and missing). If the record listed only one immunization provider and the provider facility type was missing (about 11% were missing), then we assumed that child had only "one provider, one facility type." If the record indicated more than one provider but only one facility type or facility type missing, then we coded that child as having "multiple providers, same facility type." If the record explicitly listed the child as having multiple facility types, then we coded this as "multiple facility types" regardless of how many providers were indicated.
For race/ethnicity, we used a composite race variable defined by the NIS as Hispanic, non-Hispanic white, non-Hispanic black, and non-Hispanic other. We categorized those respondents indicating multiple races/ethnicities in the "all others" category if they did not indicate Hispanic ethnicity. We also constructed a summary variable that dichotomized race/ethnicity into non-Hispanic white vs. nonwhite.
NIS data provided three potential socioeconomic status variables: poverty status, household income, and maternal education. Because maternal education had full reporting and the other variables had substantial missing values, we chose maternal education as the measure of socioeconomic status for our analyses.
The NIS data contained a variable reporting whether the child's vaccine providers reported vaccinations to a state or community immunization registry. This variable was coded in NIS data as "all providers," "some but not all providers," "no providers," and "unknown."
We modeled the effect of the presence of a medical home on extra-immunization using logistic regression. We selected the variables for further analyses based on magnitude of the effect of that variable on extra-immunization in the bivariate analyses. The final model included medical home (provider number and facility type), race/ethnicity, survey language, survey year, maternal education, and parent-held immunization records. We used adjusted odds ratios (AORs) to report the results of analyses controlling for variables in the full model. The final multivariable model did not include vaccine registry use because of the large number of unknown values over the years, averaging 21.6% and ranging from 38.6% in 1999 to 16.5% in 2001 .
Each year's NIS dataset included weights appropriate for inferences to the population of children 19-35 months of age in that year in the U.S. To analyze our five-year dataset while avoiding overweighting of observations, we divided the weight for each observation by five. This had the effect of making the weighted dataset the average of the target population of children during the time period studied.
We performed our data extraction and recoding using SAS ® version 9.1 26 and conducted analyses appropriate for this multistage, complex survey using Stata ® version 8.0. 27 Stata permitted the inclusion of the survey design variables into the analysis and, thus, addressed the complex sampling appropriately to achieve the best approximate variances for population estimates. All rates reported, unless otherwise stated, were weighted to reflect population-based estimates. Table 1 shows that the weighted overall rate of extraimmunization was 9.4% (95% confidence interval [CI] 9.2, 9.7) compared with underimmunization (21.9%, 95% CI 21.5, 22.3). Of the sample, 49.0% of respondents were female, 14.4% were black, 23.5% were Hispanic, and 6.6% were from another or multiple racial/ ethnic minority groups. Most children (69.1%) had a single immunization provider, with 24.0% having 1 provider with the same facility type and 6.9% having 1 provider from multiple facility types.
RESULTS

Sample characteristics
Bivariate associations
The association of extra-immunization with the number of providers and facility type was large and consistent. As shown in Table 1 , the rate of extra-immunization with one provider was only 6.4% (95% CI 6.1, 6.7) whereas children who had more than one provider with all providers in the same facility type had an extraimmunization rate of 13.9% (95% CI 13.2, 14.6). Children who had been vaccinated in multiple facility types had the highest risk of extra-immunization (24.1%, 95% CI 22.5, 25.6). The extra-immunization rate for nonwhite children was 11.0% (95% CI 10.5, 11.5) as compared with non-Hispanic white children (8.2%, 95% CI 7.9, 8.5). Hispanic children were most likely to be overvaccinated (12.1%, 95% CI 11.4, 12.8).
Assuming that the language in which the parent completed the survey was that parent's preferred (Table 1) . Maternal education and maternal age did have a modest association with extra-immunization, with less education and younger maternal age each associated with higher extra-immunization rates. Other factors traditionally associated with underimmunization did not show substantive associations with extra-immunization. Variables included the child's age, the timing of the first DTxP, and birth order. Not being up-to-date was associated with a lower rate of extra-immunization (5.4%, 95% CI 5.0, 5.9). Having parent-held immunization records was associated both with lower underimmunization rates (18.8%) and increased extra-immunization rates (10.9%) ( Table 1) .
We examined those children whose providers reported contributing data to an immunization registry and found that when all providers of immunizations reported to the registry, extra-immunization decreased to 8.1% (95% CI 7.6, 8.5); however, if only some providers reported to an immunization registry, the extra-immunization rate climbed to 23.0% (95% CI 21.4, 24.6) . The lowest extra-immunization rate (7.7%, 95% CI 7.3, 8.1) occurred in children who had no provider reporting to a registry. The rates for all providers reporting and no providers reporting did not differ significantly. However, for a substantial number of children, it was unknown whether immunizations were reported to a registry (Table 1) .
We found a significant trend of decreasing extraimmunization during the calendar years ( Table 2 ). The extra-immunization rate decreased from 12.2% (95% CI 11.6, 12.9) in 1999 to 7.4% (95% CI 6. 
Stratified analyses
In a stratified analysis of provider and facility type by race/ethnicity, provider number and facility type classification had a large effect on extra-immunization by racial/ethnic minority group status. With just one provider, the rates of extra-immunization dropped to ,9% for any of the racial/ethnic minority group classifications. All racial/ethnic minority groups had increased rates of extra-immunization with more than one provider, including those with more than one provider of one facility type and even more so with more Measles Public Health Reports / 2011 Supplement 2 / Volume 126 than one type of facility (Table 3) . Hispanic children with providers at more than one type of facility had the highest rates of extra-immunization at 29 Examining extra-immunization by language as well as provider number and facility type (Table 4 ), we found that Spanish language combined with more than one provider but of one type and more than one facility type resulted in higher rates of extraimmunization of 16.8% (95% CI 14.6, 19.0) and 29.0% (95% CI 24.1, 33.9), respectively. The use of a means of communication between providers, the parent-held immunization record, is associated with increased extraimmunization. The use of Spanish as the preferred language for the survey was associated with an increase in extra-immunization with parent-held immunization records (14.3%, 95% CI 13.0, 15.6) compared with English language (9.9%, 95% CI 9.5, 10.4).
Multivariate analyses
Logistic regression resulted in the AORs displayed in Table 5 . These results indicated a modest increase in risk for extra-immunization was associated with being from a racial/ethnic minority group (AOR range: 1.16-1.44), having a preferred survey language of Spanish (AOR51.29), and having a parent-held immunization record (AOR51.12). The strongest risk factors by far were the presence of more than one provider even in the same facility type (AOR52.30, 95% CI 2.13, 2.47) and the presence of more than one provider in more than one facility type (AOR54.67, 95% CI 4.23, 5.15), compared with having only one provider.
Because of the large effect of polio vaccine on extra-immunization rates and the decreasing rate of polio vaccine extra-immunization with time, we ran the logistic model again with the outcome of extraimmunization other than polio vaccine. In this model, the effect of race/ethnicity and language was attenuated, with black race/ethnicity and Spanish language no longer significant; however, the effect of multiple providers and multiple facility types was dramatically increased. In the full model, the presence of more than one provider in the same facility type (AOR53.64, 95% CI 3.28, 4.04) and the presence of more than one provider in more than one facility type (AOR58.95, 95% CI 7.93, 10.10) resulted in a 50% increase and almost doubling of the odds of extra-immunization, respectively.
We conducted analyses examining the data for significant interactions by survey year. For the outcome of extra-immunization, no significant interaction was found between race/ethnicity and survey year. There was an interaction between the survey year 1999 and 1 provider in the same facility (AOR50.76, 95% CI 0.63, 0.85). Again, however, with the outcome of extra-immunization without polio vaccine, there was a significant interaction in 1999 between 1 provider in multiple facilities (AOR51.57, 95% CI 1.10, 2.24). No other interaction was found by year and provider (data not shown).
DISCUSSION
We used number of immunization providers and provider types as an indicator of a medical home (one immunization provider) and increasing fragmentation of care as the number of providers increased and when the child moved between facility types. More than 30% of children had more than one provider or more than one facility type providing immunizations. Multiple vaccine providers and multiple facility types represent an absence of a key aspect of the medical home: continuity. Patients with this lack of continuity accounted for much of extra-immunization. While we found that the extra-immunization rate for U.S. children aged 19-35 months was 9.4% and that children from racial/ ethnic minority groups were more likely to be overvaccinated (11.0%, 95% CI 10.5, 11.5), if all children in the U.S. had a single provider (i.e., a medical home), the extra-immunization rate would decrease to 6.4% for all U.S. children (7.6% for nonwhite children and 8.5% for Hispanic children). This rate is a decrease in extra-immunization of at least 30% overall and a decrease of 50% from the next category-those with multiple providers all of one type. These analyses do not imply that each patient should have a single individual providing their care. In the NIS dataset, "one provider" refers to one place providing immunizations (e.g., an office or a clinic).
Extra-immunization may result from a number of causes including a lack of documentation or problems with the communication of previous immunizations, mismanagement of a lapse in the sequence of immunizations, or simply a misunderstanding of the routine childhood vaccination schedule itself. It is worth noting in this analysis that the parent-held immunization records are associated with being both less likely to be underimmunized and more likely to be overimmunized, probably as a result of records that are not current. 28 It is surprising to see such an increase in extra-immunization when moving from pub-Public Health Reports / 2011 Supplement 2 / Volume 126 Indicates different from non-Hispanic white race/ethnicity at p,0.05 lic to private provision of vaccines (i.e., multiple types of providers). We hypothesize that moving between facilities represents a large barrier to communication.
Supporting the hypothesis that communication is a major issue in extra-immunization is the finding that having only some immunization providers reporting to a registry is worse than having all or none reporting to a registry. When no providers and all providers report to a registry, information is known. When only some providers report to a registry, it is easier to have incomplete information without realizing it. While evidence exists that extra-immunization with tetanus toxoid, 29 pneumococcal polysaccharide, 30 and meningococcal polysaccharide 31, 32 can result in an increase in local or systemic reactions to vaccination, extra-immunization with other vaccines is unlikely to harm the recipient. In fact, with some combination vaccines, extra-immunization is permitted. However, other extra-immunizations incur costs to the parent, child, provider, and payers; provide a source of confusion and frustration for providers, parents, and patients; and are an unnecessary source for claims regarding adverse events and harms. It should be noted that underimmunization is more prevalent than extraimmunization, and underimmunization is a public health problem while extra-immunization is primarily an administrative failure.
Feikema et al. found rates of extra-immunization approaching 21%, 13 but at the time the NIS database was of questionable quality. Since that time, the NIS data quality has improved (e.g., redundant vaccine entries have been corrected). 14 Using the improved database, Strine et al. found extra-immunization rates of 10%-14%. 16 We studied the same two years as Strine et al. did, as well as three additional years since the study; our findings were consistent with those found by Strine et al. Our findings for the two overlapping years would have been identical to Strine et al., but we treated 14, 15 They found that extra-immunization with polio vaccine began to decline before the introduction of IPV, leveled off during the introduction of IPV, and continued to fall afterward, suggesting that the change in recommendations elevated awareness of the current schedule and that the need to inject the current form of vaccine may be somewhat protective against extra-immunization. Our analyses confirmed these findings at the national level and showed that the extra-immunization with polio vaccine has continued to decline, while extraimmunization with vaccines other than polio has been more stable. The extra-immunization with polio vaccine appears to differ from extra-immunization with other vaccines, and analyses without polio extraimmunization included showed an even greater effect of fragmentation of care.
Extra-immunization is neither well-recognized nor regularly examined, but it appears to occur more frequently among vulnerable and at-risk populations, including the underprivileged racial/ethnic minority groups, non-English speakers, and those dependent on fragmented sources of care. While extra-immunization itself is not a significant medical problem, it does serve as a clinical indicator for fragmentation of care and lack of continuity of care, and can serve as a test of the integrity of a medical home. The validity of this measure is supported by the consistency of extraimmunization's association with multiple providers and with other indicators of problematic communication. Extra-immunization is not associated or only weakly associated with predictors of underimmunization that are patient-related, such as late DTP, maternal education, and birth order. This finding supports that extra-immunization is measuring aspects of care that are different from underimmunization. Additional research is needed to examine the relationship between extra-immunizations and other measures of quality, including continuity of care.
Limitations
Our study had several limitations. The NIS is a crosssectional survey; as such, the associations found were not necessarily causal. Certain factors associated with extra-immunization were not captured by the survey, including the type of record keeping used in the practice. Furthermore, the survey data indicating extra-immunization may lead us to conclude incorrectly that extra-immunization occurred when, in fact, a legitimate reason existed for an additional dose of 33 or in the correction of an inappropriate split-dosing with DTxP. 34 Another reason for additional doses could be recognition of minimum interval violations, though the strong association of over-immunization with multiple providers makes that explanation unlikely. 35 Alternatively, we may have missed doses given that were never recorded in the surveyed providers' records. This has been shown to be more likely as the record is fragmented across providers. 36 Thus, the rates of extra-immunization may very well have been underestimated. The use of a single provider of vaccines as a surrogate for the presence of a medical home could be flawed if that provider does not provide comprehensive care. Certainly, children could have multiple medical homes over time related to changes in insurance or residence. Furthermore, just as the survey data may miss certain vaccinations, the survey data may also have vaccine doses entered in duplicate, with errors in the administration dates resulting in the appearance of extra-immunization when it did not occur. Finally, the NIS only includes households that have landlines, yet the proportion of households with mobile or cell phones only is growing, particularly among individuals with young children.
CONCLUSIONS
A medical home is recommended for all children and having a medical home is associated with improved health outcomes, including decreased underimmunization. Extra-immunization is associated with fragmentation of care and the lack of a medical home. Extra-immunization could prove a more valuable and accessible measure of the medical home than underimmunization, as it is more closely linked to care provision, less closely linked to parental actions, and more easily measured. Extra-immunization can serve as a clinical indicator of medical care fragmentation and, thus, support quality improvement efforts in constructing and sustaining medical homes.
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